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Abstract
Mobility impaired people are often confronted with barriers along their chosen routes which lead to unreachable destinations and
frustration. In order to assist this user group with finding barrier-free outdoor and indoor routes, we have developed a mobile
application for Android devices which computes barrier-free routes between two locations on the basis of a personal profile.
During our research, we tried to find other options to locate the user inside of a building, returning precise positions which can be
calculated in real time without a high computing power and additional hardware. The starting position of a route is computed by
using Bluetooth 4.0 transmitters which send UUIDs which was adapted by including the geo location of the transmitter into them.
This allows us to compute the exact position of the user by trilateration of the signal strength of each transmitter. The ending
point of the route is individually chosen by the user and is also returned as a geo location. Because we are using geo locations in
decimal format, the results of our calculations can be displayed on every digital geographical map. The main difference to other
solutions is, that we don’t use a special coordinate system for every building, instead we use the geolocations, which represent
the coordinate system of the world and therefore, our developed technology can generally support a wide range of projects in the
field of navigation. In addition, the result of our calculation can be displayed on every digital geographical map and is easily
calculable to other widely used standards like WGS84, the common standard for current navigation devices. Instead of using
special coordinate systems for every building, we use the geolocations, which represent the coordinate system of the entire world.
That way, we are not only independent of additional coordinate information, but our navigation assistance works indoors as well
as outdoors, as outdoor routing is based on the same geoid data. This makes our approach useable for a wide area of interests.
This paper presents an innovative way to track users anywhere on our planet - even if they are inside of buildings - without using
satellite communication for the determination of the position.
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1. Introduction
1.1. RSSI Based Bluetooth Low Energy Indoor Positioning using geographical coordinates
Since Bluetooth 1.0 published in 1999 there has been a lot of progress in Bluetooth science. Today more than
80% of mobile devices support Bluetooth and nearly 100% of all smart phones and PDAs. The newest Bluetooth
technology (Bluetooth LE) offers Low energy consumption and long range combined with really low cost, which
makes it easy to establish an economic Bluetooth wireless sensor network. Bluetooth Low Energy which was
adopted by Bluetooth Special Interest Group in 2010 offers the already mentioned improvements. These
improvements are important, because the old versions wouldn’t be useful for a big sensor network, because the
restrictions in range are too high. The range of Bluetooth LE goes up to 100 meters, depending on the power used.
This makes it possible to establish wide range indoor positioning systems, by using Bluetooth 4.0, which also has
the feature of being fully compatible with previous standards and yet the adaptive frequency hopping mechanism
remains, which makes the Bluetooth positioning more reliable and precise than other technologies.
Indoor positioning is accomplished by establishing a tracking network constituted by wireless sensors and
perceiving users’ states in real time. The current commonly used wireless sensor positioning technology includes
Wi-Fi positioning, Bluetooth - positioning and the ambient magnetic field.
 Wireless Local Area Network (WLAN) - Our project was focused mainly on public buildings, for example train
stations, city halls, museums where no or few Wi-Fi access points are installed. In addition [1] the statistical
analysis of experimental results shows the differences of RSSI between different smart phones.
 Earth Magnetic Field - [2] At the train stations, the magnet will field from the metal construction and influenced
the electric locomotives of the trains, which brings a negative impact on the accurate position determination with.
 Kinect 2.0 Depth Camera [3, 4] - The Kinect Depth Camera together with different kind of sensors can be used as
a precise 3D scanner for rooms. The Kinect Depth Camera is suited to autonomic navigation system for robots in
indoor environments. Due to the fact that our goal was not focused on autonomic robot systems this technology
was not chosen.
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Fig. 1. Flow diagram of positioning method using Bluetooth transmitters.
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2. Profile
The main focus of this navigation system is the mobility of impaired people. Each individual presents special
needs and possibilities i.e. each person with a disability or reduced mobility uses a different wheelchair and can
drive it on various soil conditions. Thus, a user profile was created in order to capture these individual data and to
compute the optimal route for a given user. To capture these individual data and to compute the optimal route for the
given user we created the user profiles. Route customization constitutes an important feature for the mobility of
impaired people, because every wheelchair has different measurements and every human being has different
possibilities of movement. Therefore custom profiles are used, which gives the user the possibility to find a
customized route.
Route customization constitutes an important feature for mobility of impaired people, because every wheelchair
has different measurements and every human being has different possibilities of movement. The profile information
includes the size of the wheelchair, its type and the possibilities of the mobility impaired people.
As default were created three profiles, which present three distinct type of wheelchair. These are as follows [6]:
 Power wheelchair - can prevent overexertion for longer distances such as when the individual is outside.
 Manual wheelchair - has the advantage to being smaller and more maneuverable. Mostly they were preferred for
indoor use.
 Wheelchair with assisting person.
The route definition is dependent of the type of the wheelchair, for instance the battery power of a power
wheelchair for extensive routes.
3. Ergonomics
Ground (soil, floor) conditions, which can be selected and are included as a part of the user's profile. Some of
these soils are listed below:
 Cobbled street
 Graveled road
 Etc.
Ground condition, slope of ramp and number of stairs which can be surpassed, this is really important
information for the route calculation. For the custom route calculation to work, the barriers, which can be ground
condition, slopes or staircases have to be gathered. This information is saved in a database. For the route to be really
accessible for mobile impaired people the profile information and the barrier information has to be precise and
complete. If there is not enough captured data about the barriers the route shown as accessible for an individual
might be false.
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Fig. 2. Criteria for the route calculation.
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Fig. 3. Structure of the modified UUID.
4. Building of the new UUID using geographical coordinates
The aim was to create a connection between the indoor map, which depends on real coordinates and the
Bluetooth transmitters, which are placed inside the indoor map. The reason for this is the possibility to calculate
GPS geographical coordinates inside a building with no GPS signal. This makes it easy to realize a fluent tracking
while moving from the outside to the inside of a building. The format of geographical coordinates used is Decimal
Degree (DD), because these numbers can be processed more easily in the calculation of the current position. The
UUID was changed of every Bluetooth transmitters to match our needs. For this the UUID is manipulated and the
geographical coordinates of the Bluetooth transmitters are used as a new UUID.
A small introduction to this process can be seen on the following example: latitude 49.86894570, longitude
8.62334188. The pattern of the new UUID is designed as follows in Figure 3.
The character 'b' is just a placeholder, which has no relevance for the decoding of the UUID. The UUID of every
Bluetooth transmitter is decoded, serving its geolocation. Differentiating from outdoor navigation there are multiple
levels inside of a buildings. For this reason the level the Bluetooth transmitters are placed should be known, which is
information that is also encoded inside of the UUID. The format of this data is defined as follows:
 First two digits are representing the floor Number. For example: ‘10’ means the first floor and ‘00’ is ground
floor.
 The reason why it was decided to use multiple digits as a floor number, was that buildings often have
intermediate floors, which are then encoded for example as '15', means it is a floor between the first and second
one.
5. Getting a plan of a building and generating a xml/osm file from it
5.1. Getting a plan of the building
While maps for outdoor navigation are widely available, for indoor navigations there no useable maps. Therefore
it was decided to produce our own map material. In order to accomplish this there has to be a true to scale plan. The
solution for this is to use the emergency plans, which are freely accessible in every public building. They are the
base on which the indoor map material was built
5.2. Generating a map for every level
The map material is designed using a tool called Java OpenStreetMap Editor. The picture of the emergency plan
was placed over the building. Then the map was modeled, which includes all rooms and exits, depending on the
inner structure of the building.
The tool then generates an xml file where the different building parts are represented by different XML-Tags. An
exemplary main-relation of the indoor model as OSM-XML source code is provided below:
55 Andreas Blattner et al. /  Procedia Manufacturing  3 ( 2015 )  51 – 58 
Fig. 4. Exemplary structure of an XML file.
5.3. Including the path for each level
After modeling the structure of the inner building, there is a defined walkable area inside of it for every level. Out
of the (it is actually on this walkable area) walkable area the ways were defined inside of the building, which is the
base for an efficient route calculation. This way is build out of waypoints.
The nodes on these ways, which are distinguished by geo coordinates, would be used later for the route
calculation. Every building part (i.e. room) is connected via ways with every other on the same level. Theses ways
can also be the connection between the different levels of a building, meaning that an elevator generates a way
between each level, the same applies to the Staircases.
All defined ways which are on the walkable area are generating an entry in the xml file, generated by JOSM
editor.
5.4. Generating tiles from OSM - XML-file
JOSM Editor is serving us an XML file which includes the ways and the structure of the building. To show this
as a map, on a mobile device, it is needed to generate presentable map material. To achieve this, an open source tool
called Mapertive, which takes the xml file as input and generates .tiles files, was used. Mapertive generates these for
every requested zoom level. Depending on it the map is more or less detailed.
6. Indoor tracking
For outdoor navigation the application uses GPS, but for indoor navigation GPS is not a solid solution, because it
is not always a given scenario that GPS signal is receivable inside of a building. For the tracking inside of a Building
Bluetooth transmitters are needed, which broadcast their UUID, in which the Geo position of the transmitter is
encoded.
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Fig. 5. Plane of verifiable trilateration.
The Application uses the three nearest Bluetooth transmitters and with trilateration, which is done multiple times
every second, an average value is calculated, which represents the position of the user. Trilateration is the process of
calculating an unknown point, when three points and the distance of each of them to the unknown point are given.
This is achieved using the geometry of circles, spheres or triangles.
The following equations (1) and (2) represent our calculation for the indoor tracking. x1...X3 are the three latitudes
of the Bluetooth transmitters and y1...y3 are the three longitudes of them. z1...z3 represent the distance between the
user and each of the transmitters.
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Also the adjusted positions which are anomalies, because of the distance and time difference to the last calculated
position, are excluded. This helps us to improve the precision of the positioning.
The precision of the calculated position also depends on the distance between the transmitters and the structure of
the building. Wi-Fi signals interfere with the Bluetooth signal, because most Wi-Fi Transmitters are using 2.4 GHz
as Bluetooth does, even with frequency hopping this can affect the precision.
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7. The route calculation algorithm including points on different levels
7.1. Routing server
The route of the indoor navigation is calculated on a server. On this server is a generated directed weighted multi
graph for every building, which is the base for the routing. The graph uses the distance in kilometers (value of type
double) as weight for the edges. This distance is calculated from the geo-coordinates of the start- and end-point of
the edge. The graph needs to be directed because in buildings there are some paths that may not be accessed in both
ways, like escalators or exits. The graph needs to be a multigraph to be able to set two edges between two vertices,
to allow routing in both directions.
The Routing Handler [5] will read profile information from the routing-request and then builds a sub graph based
on the defined restrictions. The sub graph will not contain paths that are inaccessible for the user. Routing can only
Fig. 6. Example of generated directed multi graph.
be done between two vertices that are part of the graph, so one needed step before routing is finding two vertices
that are close to the desired start and end point. For that reason a search on all vertices is done and the two closest
are determined. The search for the shortest path is done using the Dijkstra-shortest-path-algorithm. The calculated
path, that contains the geo points, which should be displayed as route on the map, is sent to the client (in this case to
Android mobile device).
The Server is concerned with OSM Indoor Routing that defines a representation of the needed OSM-elements,
functions to load data from an xml-file, a graph-representation of the paths and helper functions for routing.
7.2. Routing
For the actual routing it would be very impractical with Dijkstra’s algorithm to traverse all objects. Therefore, the
underlying xml document is converted into a graph that has IDs, relations and weighting. The Dijkstra’s algorithm
can now easily calculate the shortest path which is customized depending on the profile of the user.
8. Related work
Currently the indoor map is created by hand. This process should be automated in further development. This
would make possible to generate maps for a great number of buildings in a short time period.
Provide a platform for users to add map material. This way a lot of maps could be gathered and the application
would be useful in more regions.
Combine the route calculation for indoor and outdoor, so that the user gets the computed route i.e. from his
current position outside to some room/office in a building, for which map material was created.
Combine the outdoor and indoor map into one map. At the present time if the user enters a building the
application switches to the indoor map, but the outdoor map is not visible anymore. Merging the indoor map into the
outdoor map would improve the usability of the application.
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Currently the application is only running on Android smart phones. Supporting multiple platforms and devices
would add a big user group. Even though Android is dominating the worldwide market share with 76.6% [x], IOS
has a big user group too, with a total of 19.7% [8].
The accuracy of the application depends on the environment. Really crowded environments can harm the
accuracy. Human bodies interfere with the Bluetooth signal. Improving the accuracy would be another important
improvement. If the accuracy gets up to 10cm, the application could be useful for blind people too.
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